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CHAPTER 1. GENERAL INTRODUCTION 
BACKGROUND 
With the expansion of European settlement across North America from the 18
th
 Century 
until present date there have been substantial habitat losses and alterations that have impacted 
wildlife.  One such consequence is the substantial loss of wetland habitats across the continent 
(Dahl 1990).  Roughly 30% of all historical wetlands in North America have been drained or 
otherwise transformed, although this figure climbs to 50% of wetlands when only considering 
the 48 coterminous states (Dahl 1990).  This widespread loss of wetlands has been 
disproportionately focused on the Midwest and in Iowa, which has lost more than 3.5 million 
acres that represent 89% of historical wetlands lost (Dahl 1990).  Recently the rate of wetland 
loss has been greatly reduced throughout North America (Dahl 2000) and can be largely 
attributed to key legislative actions such as the Clean Water Act and 1985 Food Security Act to 
protect wetlands as well as conservation efforts through programs like the Conservation Reserve 
Program and the Wetland Reserve Program (Dahl 2000). 
Despite these efforts towards conservation, losses due to agricultural and urban expansion 
are still the greatest threat to freshwater wetlands in the 48 coterminous states (Dahl 2000, 
Johnston 2013).  Additionally, shallow and temporary wetlands in agricultural fields—often 
referred to as farmed wetlands—are usually the primary target of enhanced drainage because 
they can reduce agricultural productivity and limit access for agricultural equipment (Euliss and 
Mushet 1999).  Although modification and expansion of drainage to wetlands throughout the 
Prairie Pothole Region (PPR) has been largely reduced compared to historical rates there are 
projects underway in Iowa that advocate for increased drainage across the landscape and 
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consolidation of farmed wetlands into larger and more permanent wetlands for purposes of de-
nitrification and increased agricultural productivity on drained lands (IDALS 2010).  Increased 
drainage will undoubtedly alter the extent and frequency of sheetwater wetlands on the 
landscape, and the potential effects of this action on wildlife are largely unknown.  Previous 
study has shown that these sheetwater wetlands can host large concentrations of migratory 
waterfowl and shorebirds (LaGrange and Dinsmore 1989, Kenne 2006) but a landscape scale 
assessment of the extent and dynamics of sheetwater wetlands and their value to migratory 
waterbirds has yet to be completed.  
Shorebirds are often renowned for bi-annual long distance migrations as many species 
move between temperate or tropical wintering sites and extreme northern latitudes for breeding 
purposes.  Some species, such as Red Knots, are known for extensive stopover periods at crucial 
or historical sites that culminate in large continuous migratory bouts (Piersma et al 2005).  
Conversely, there are many shorebird species that migrate through mid-continental areas of 
North America and utilize a network of less predictable stopover sites along migratory routes 
(Skagen and Knopf 1993, Haig et al. 1998, Skagen et al. 1999, Skagen 2006).  Shorebirds are 
generally tied to specific wetland habitat type (Colwell 2010) and due to extensive wetland 
losses across North America there is a great interest in research and management of this vital 
shorebird habitat type (Myers et al. 1987, Helmers 1992).  Iowa’s Prairie Pothole Region (PPR) 
often hosts many shorebird species during migration; 34 species of shorebirds are regularly 
observed in Iowa (Kent and Dinsmore 1996), and eight species of shorebirds in the Prairie 
Pothole Region and 21 species nationally are listed as species of conservation concern (Brown et 
al. 2001, U.S. Fish and Wildlife Service 2008). Because mid-continent stopover sites like 
sheetwater wetlands are ephemeral and are increasingly isolated with land use changes, a more 
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complete understanding of all life stages of migratory shorebirds is necessary to formulate 
comprehensive conservation plans for these species. 
GOALS AND OBJECTIVES 
The goal of this study was to document the extent and associated wildlife values of 
sheetwater wetlands in Iowa’s Prairie Pothole Region and investigate stopover dynamics of a 
common migratory shorebird.  This goal will be achieved by addressing the following three 
objectives: 
1. Document the extent and dynamics of sheetwater wetlands in Iowa’s PPR using 
spatially replicated road-based surveys and to develop a model of sheetwater wetland size 
dynamics at a regional scale. 
2. Assess the value of agricultural sheetwater wetlands (farmed wetlands) to migratory 
waterbirds throughout the Prairie Pothole Region in Iowa 
3. Assess stopover dynamics and estimate stopover duration of migrant Pectoral 
Sandpipers (Calidris melanotos) using capture-mark-recapture techniques and test for 
effects of sex, body condition, and seasonality on daily local survival. 
THESIS ORGANIZATION 
 This thesis is organized by journal papers as chapters.  Chapter 1 provides general 
background information and a general introduction to the thesis, Chapters 2 through 4 address 
the research objectives outlined in the section above, and Chapter 5 provides a general 
conclusion for the three chapters addressing the stated research objectives. 
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CHAPTER 2.  EXTENT AND DYNAMICS OF SHEETWATER WETLANDS IN 
IOWA’S PRAIRIE POTHOLE REGION 
A paper to be submitted to Wetlands 
Kevin T. Murphy
1
 and Stephen J. Dinsmore
1 
1
Department of Natural Resource Ecology and Management, Iowa State University, Ames, Iowa 
50011, USA 
ABSTRACT:  Substantial landscape alteration has occurred from the westward expansion of 
European settlement starting in the 18
th
 Century in the form of conversion of large expanses of 
land to agricultural production.  This agricultural expansion was facilitated by the development 
and installation of artificial subsurface drainage to convert previously saturated and unproductive 
soil in topographic depressions, also known as prairie potholes, into highly productive tillable 
land.  Most are currently drained but persist ephemerally as sheetwater wetlands in agricultural 
fields and are valued by migratory waterbirds.  Our objective was to document their extent in 
Iowa’s Prairie Pothole Region (PPR) using spatially replicated road-based surveys and to 
develop a model of sheetwater wetland size dynamics at this scale.  We hypothesized that these 
wetlands were common across Iowa’s PPR and that they would be largely dependent on local 
precipitation regimes.  Surveys conducted in spring 2011 and spring 2012 resulted in 8415 
observations of 519 unique wetlands across ten townships in Iowa’s PPR.  Wetlands were 
predominantly observed in a dry or absent state (7399 observations, 87.9%), and when they were 
observed in a wet state they were predominantly the smaller size classes with the smallest size 
class of 0-0.1 ha (769 observations) comprising 76.2% of all observations where wetlands 
contained water and 9.2% of the total (wet and dry) observations. We utilized the multi-state 
model in program MARK to predict the daily probability of state transition between recorded 
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size classes of wetlands as a response to daily local precipitation.  In general precipitation had a 
strong positive effect on state transitions that characterized wetland size increases and a strong 
negative effect on state transitions that characterized wetland size decreases.  Our findings 
provide initial documentation of sheetwater wetlands in Iowa’s PPR and highlight a need for 
additional study to link this habitat and benefits to wildlife. 
KEY WORDS: drainage, farmed wetland, Prairie Pothole Region, sheetwater, wetlands, wildlife 
INTRODUCTION 
With the expansion of European settlement and especially agriculture across North 
America from the 18
th
 Century until present date there have been substantial landscape 
alterations that are still visible today.  This is especially apparent in Midwestern states such as 
Iowa where roughly 83% of the state’s 30 million acres are in agricultural production (USDA 
NASS 2012).  This widespread implementation of row-crop agriculture can be directly attributed 
to extensive artificial subsurface drainage networks that have been installed and maintained since 
westward expansion began more than 100 years ago (Pavelis 1987, Johnson et al. 2008).  A 
consequence of these installations in Iowa and elsewhere was the marked loss of wetland habitats 
(Dahl 1990).  Roughly 30% of all historical wetlands in North America have been drained or 
otherwise transformed, although this figure climbs to 50% of wetlands when only considering 
the 48 coterminous states (Dahl 1990).  This widespread loss of wetlands has been 
disproportionately focused on the Midwest and in Iowa, which has lost more than 3.5 million 
acres that represent an 89% loss of historical wetlands (Dahl 1990).  Recently the rate of wetland 
loss has been arrested throughout North America (Dahl 2000) and can be largely attributed to 
key legislative actions such as the Clean Water Act and 1985 Food Security Act as well as 
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conservation efforts through programs like the Conservation Reserve Program and the Wetland 
Reserve Program (Dahl 2000).  Despite these conservation efforts, losses due to agriculture and 
urban expansion are still the greatest threats to freshwater wetlands in the 48 coterminous states 
(Dahl 2000).  Additionally, shallow and temporary wetlands in agricultural fields—often referred 
to as farmed wetlands—are usually the primary target of enhanced drainage because they can 
reduce agricultural productivity and limit access for agricultural equipment (Euliss and Mushet 
1999, Johnson et al. 2008). 
 The Des Moines Lobe landform in Iowa represents the southern extent of the Prairie 
Pothole Region (PPR) into the state (Miller et al. 2009).  The Prairie Pothole Region is 
characterized largely by the relatively high abundance of depressional wetlands formed as a 
result of retreating Pleistocene glaciation known as prairie potholes (Stewart and Kantrud 1971, 
Johnson et al. 2008).   Historically these depressional wetlands were highly productive and 
valuable from both a wildlife and ecosystem service standpoint (Johnson et al. 2008). However, 
with upwards of 95% of Iowa’s prairie potholes lost due to drainage (Bishop 1981) their current 
values are of concern as the wildlife value of these wetlands has been clearly demonstrated (see 
Chapter 3).  Some consequences of wetland loss and augmented drainage include substantial 
reductions in nesting habitat for migratory waterfowl (Dinsmore 1994) and potential increases in 
streamflow (Schilling and Libra 2003).  Even though drainage is essentially ubiquitous across 
Iowa the dynamics and hydrology of these depressional wetlands (also known as sheetwater 
wetlands) is poorly understood (Tomer et al. 2008, Roth and Capel 2012).  Our objective in this 
study was to document the extent and dynamics of sheetwater wetlands in Iowa’s PPR using 
spatially replicated road-based surveys and to develop a model of sheetwater wetland size 
dynamics at a regional scale.  We hypothesized that these wetlands would be commonly 
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encountered throughout Iowa’s PPR and are dependent upon local precipitation regimes.  The 
findings from this study will help us understand the value of sheetwater wetlands as habitat for 
migratory waterbirds and determine the regional extent of this unique habitat type. 
METHODS 
Study area 
This study was conducted throughout Iowa’s Prairie Pothole Region during spring 2011 
and 2012. In its entirety, the PPR extends from Alberta, Canada to central Iowa and encompasses 
approximately 70 million hectares of North America (Van der Valk 2005).  In Iowa the Prairie 
Pothole Region overlaps the Des Moines Lobe Landform Region (Miller et al. 2009), which 
represents the southern extent of the most recent Wisconsin Glaciation receding as recently as 
12,000 years ago (IAN 2001). 
Survey Methodology  
Eight townships were randomly selected for surveys in 2011 and 2012, with two 
additional townships added in 2012 to increase spatial coverage of the study area (Figure 1).  
Wetlands were surveyed at the township level from randomly selected townships in three equal 
latitudinal strata of the Des Moines Lobe.  The precipitation regime in the Des Moines Lobe 
Landform Region is such that there is a gradual reduction in annual precipitation from southeast 
to northwest through the region (PRISM Group 2006).  Selection from these latitudinal strata 
ensured equal sampling of the entire region and its entire precipitation regime.  Selected 
townships resided entirely or nearly entirely (>75%) within a HUC-10 watershed (Watershed 
Boundary Dataset 2011) to ensure hydrologic isolation from other watersheds and fit hydrologic 
constraints set forth by project cooperators for hydrological monitoring.   
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A roadside survey route was established for each surveyed township using ArcGIS 
software (v. 9, ESRI 2006), XTools Pro for ArcGIS Desktop (v. 7.1.0, Data East Soft LLC), and 
Hawth’s Analysis Tools for ArcGIS (Beyer 2004).  The route included all roads within a 
township with minimum overlap or re-traveling of roads to increase survey efficiency.  Surveys 
were initiated in conjunction with the initiation of spring snowmelt in mid-March. Survey 
frequencies were determined according to the results of a simultaneous study we conducted on 
waterbird use of these sheetwater wetlands and some known minimum stopover durations.  
Surveys were conducted every 4.9 days on average (SE = 0.13) from 14 March to 1 June 2011 
and from 23 March to 23 May 2012.  This survey frequency of approximately five days 
coincides with known minimum stopover duration of some shorebird species such as White-
rumped Sandpipers (Skagen and Knopf 1994), although little is known about the residency time 
of shorebirds or waterfowl in this particular habitat type or time period. Survey routes were 
driven at a speed appropriate (generally ≤ 70 km/hour) to adequately detect and observe wetlands 
within the survey townships.  Average survey route length was approximately 116 km (range 
was 106 km to120 km) and routes generally took a minimum of two hours (minimum 1 hr 
55min, maximum 5 hrs) to complete under ideal conditions. Wetlands observed along the edges 
but outside of the townships surveyed were not included.  Surveys were not conducted during 
adverse weather conditions (snow or rain) that would negatively impact the probability of 
detecting wetlands. 
 There are numerous definitions of conditions that define a wetland, although Cowardin et 
al. (1979) has laid out general definitions for classification of wetlands that are widely used and 
accepted within the United States.  In general, for an area to be defined as a wetland it must meet 
one or more of the following requirements: presence of hydrophyte vegetation communities, a 
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predominantly undrained hydric soil substrate, or a non-soil substrate that is saturated or covered 
with water at some point during a growing season.   This was the first widely accepted 
biologically based definition system for wetlands in the U.S.  The presence of a wetland for this 
study was determined primarily by the criterion of “visible water covering the soil surface” put 
forth by Cowardin et al. (1979).  Presence of moist soil alone is not a good predictor of waterbird 
use of an area (Niemuth et al. 2006) and exclusion of these areas from surveys might only lead to 
conservative conclusions about waterbird use of farmed wetlands.  These wetlands are not likely 
to host macrophyte plant species because they are located in perpetually disturbed agricultural 
fields (Niemuth et al. 2006).   
Only wetlands completely visible from the roadway were surveyed to avoid any 
assumptions about unknown characteristics of these wetlands.  Upon detection of a wetland 
along the survey route, we a) recorded the UTM easting and northing of the observation point 
from a Garmin GPSmap 76 unit (Garmin LTD 2009), b) measured the bearing to the wetland and 
distance to the closest edge of the wetland using a Nikon ProStaff 550 laser rangefinder (Nikon 
Vision Company 2009), and c) took a digital photograph of the extent of the wetland using a 
Casio EX-H20G camera (Casio Computer Co. Ltd. 2010).  Size of the wetland was estimated 
using five increasing size bins as follows: 0 to 0.1 ha (Class 1), >0.1 to 0.25 ha (Class 2), >0.25 
to 0.50 ha (Class 3), >0.5 to 1.0 ha (Class 4), and >1.0 ha (Class 5).  Additionally, any survey 
where a unique wetland was not observed (e.g., no surface water was present) was given a size 
class value of “Class 0”.  This includes all survey dates prior to and after the wetland’s first 
observation because we assumed that the presence of a wetland at any point during a survey 
season indicated a wetland present at that particular site and that non-observation prior to the 
first observation was equivalent to non-observation after the first observation. 
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Because of access challenges on private land (>99% of surveyed wetlands in this study 
were privately owned) observations were only made from public roads and we also assumed 
perfect detection probability of wetlands on a survey route.   We used a roadside survey 
methodology in this study that functions as an infinite-width line transect.  This methodology 
assumes a constant detection probability with increasing distance, and is generally only robust 
when species (or wetlands, in this case) being surveyed are conspicuous and within open habitat 
(Bibbey 2000, Hill 2005).  The open agricultural landscape of Iowa that contains farmed 
wetlands meets the assumption of open habitat, and both wetlands and waterbirds are 
conspicuous in this context. 
Analyses 
Summary statistics for wetland size classes were calculated for all wetlands in both 
survey years combined as well as each individual survey year.  These include the total number of 
wetlands observed in all six size classes and all townships for both the 2011 and 2012 survey 
seasons.  Comparisons between years, townships, and size classes can all be made from these 
results to quantify the temporal and size-class distributions of sheetwater wetlands. 
 We utilized the multi-state model for live recaptures in Program MARK (White and 
Burnham 1999) for analyses of sheetwater dynamics in this study.  This model is a variation of 
the Cormack-Jolly-Seber model (Cormack 1964, Jolly 1965, Seber 1965) that allows individuals 
to exist in and transition between discrete locations or states (Hestbeck et al. 1991, Brownie et al. 
1993).  Our objective was to apply this framework to model the size dynamics of sheetwater 
wetlands. This model estimates three parameters: the probability of an individual surviving 
across an interval (S), the probability of an individual being detected on a sampling occasion, 
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given that it is present (p), and the probability of an individual moving between states during an 
interval (Ψ).  A necessary assumption is that survival probability is independent of state and we 
are essentially separating survival and movement between states (an individual must be alive to 
transition between states).  For the purposes of this study we fixed survival and encounter 
probability each to 1.0 because a wetland is stationary on the landscape and we assumed perfect 
detection probability of wetlands.  By fixing these parameters, we created a model framework 
that allowed us to model wetland dynamics solely as the daily probability of transitioning 
between wetland size classes.  Using information from surveys, we constructed an encounter 
history for each wetland using one encounter per day for the survey period. On days where 
surveys were completed for a township each wetland’s observed state (A, B, or C; see below) 
was entered into the encounter history.  On days where surveys were not completed we entered 
dots (.) rather than zero values into the encounter history.  This standardizes the interval on 
which transition rates are calculated to a per-day probability of transition where an entry of zero 
would result in a per-interval transition probability that is only directly comparable to other 
identical intervals.  
 Some adjustments were made to the dataset prior to completing this analysis.  Not all 
townships in both years contained enough unique wetlands to properly fit models so some 
censoring of data was conducted.  Townships containing less than 500 total wetland observations 
(including observations of absence) were excluded from modeling efforts, which led to the 
exclusion of all 2012 townships as well as the Beaver Township in 2011.  To help reduce the 
number of overall parameters being estimated and also help solve the issue of too few wetlands 
in the largest size classes we pooled size classes to create three states for our model. The three 
states were for a) a dry or absent wetland (state A), b) wetlands initially observed as size classes 
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1 and 2 (<0.25 ha, “small” wetlands; state B), and c) wetlands observed in size classes 3, 4, and 5 
(≥0.25 ha, “large” wetlands; state C).  After these adjustments the encounter history for each 
wetland contained 79 characters, one for each day of the survey period (15 March to 1 June 
2011). 
Daily local precipitation in each township was also considered important when modeling 
wetland size dynamics.  These wetlands exist in topographical depressions that receive inflows 
from both surface runoff and groundwater flow depending on soil saturation, both of which are 
affected strongly by prior local precipitation (Roth and Capel 2012).  Daily precipitation totals 
were obtained from the Iowa Environmental Mesonet Rainfall dataset (IEM Rainfall 2013) from 
the IEM monitoring site nearest each township’s centroid. 
Models were compared and selected by Akaike’s Information Criterion (Akaike 1973), 
adjusted for small sample size (AICc), with models having ΔAICc ≤ 2 being considered as well-
supported and competitive (Burnham and Anderson 2002).  We considered seven models in our 
analyses of sheetwater wetland dynamics, and all of our modeling was done on the state 
transition probabilities. Model effects included allowing all six state transitions to vary 
independently (6 transitions), a linear seasonal effect (T), a common precipitation effect across 
all state transitions (common precipitation), a local precipitation effect for each state transition 
(precipitation), and no effect (.).  We hypothesized that in these models we would observe a 
positive effect of precipitation on transition rates related to increases in wetland size and a 
negative effect on rates related to decreases in wetland size. 
 
 
15 
 
 
RESULTS 
Observations of wetlands 
A total of 8415 observations of wetland state and size class were made during the course 
of this study. Of this total, 7515 observations on 423 unique wetlands were made in 2011, while 
there were only 900 total observations of 96 unique wetlands in 2012.  Wetlands were 
predominantly observed in a dry or absent state (7399 observations, 87.9%), and when they were 
observed in a wet state they were predominantly the smaller size classes with the smallest size 
class of 0-0.1 ha (769 observations) comprising 76.2% of all observations where wetlands 
contained water and 9.2% of the total (wet and dry) observations (Table 1).  
Modeling wetland dynamics 
Sheetwater wetland dynamics were explained by a single model with all model weight 
(Table 2); this model included a positive effect of precipitation on the three state transition 
probabilities of increasing in size (A to B, B to C, and A to C) and a negative effect of 
precipitation on the three state transition probabilities of decreasing in size (C to B, B to A, and 
C to A) (Table 3).  Models containing no precipitation effect with a uniform state transition 
effect or only a linear time effect were among the least competitive models (Table 3). 
 Lastly, we used the best model to predict the transition between wetland size classes 
using three precipitation scenarios (Figure 2). We chose to compare dry days (0 cm of rainfall) to 
those of moderate (2.54 cm of rainfall) and heavy (5.08 cm of rainfall) precipitation events to 
illustrate the influence of local precipitation in these transitions. The heavy precipitation event 
closely matches the maximum observed rainfall (4.42 cm) during this study and is well below 
maximum daily rainfall totals for this region. Due to small samples of large wetlands and few 
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observed large precipitation events not all state transition probabilities were well estimated.  In 
general precipitation had a strong positive effect on state transitions that characterized wetland 
size increases and a strong negative effect on state transitions that characterized wetland size 
decreases (Figure 2).   
DISCUSSION 
The primary objectives of this study were to implement a roadside survey methodology 
to provide initial documentation of the characteristics and extent of sheetwater wetlands in 
Iowa’s PPR and to develop a modeling framework to predict the response of these wetlands to 
local precipitation.  These wetlands are valuable hydrologically for retention of surface water and 
reduction of runoff (Kreymborg and Forman 2001) and biologically as stopover sites for 
migratory waterbirds that rely on abundant and productive sites to complete annual migratory 
journeys (LaGrange and Dinsmore 1989, Taft and Haig 2005, Kenne 2006, Johnson et al. 2008). 
Thus, an assessment of the dynamics of these wetlands has important implications for many 
wildlife species, which we discuss below. 
 A comparison between the two years of this study reveals the dynamic nature of 
sheetwater wetlands in response to local precipitation. We documented a substantial reduction of 
wetland observations in 2012 (900 observations) when compared to 2011 (7399 observations).  
This 88% reduction in wetland observations can be directly attributed to a severe and long-term 
drought cycle across the Midwestern U.S. that began in 2012 and severely impacted the amount 
of sheetwater wetlands.  Even with this strong reduction in the second survey season, it is clear 
that sheetwater wetlands are widespread across the region.  It has also been previously 
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documented that the extent of sheetwater in this region can be much greater than what we 
documented in years of above-average precipitation (LaGrange and Dinsmore 1989). 
 Other efforts focused on characterizing sheetwater wetlands have varied but have mostly 
occurred at a much smaller spatial scale (LaGrange and Dinsmore 1989, Roth and Capel 2012) 
or have been hydrology modeling exercises (Kreymborg and Forman 2001).  Because of the 
potential habitat value of sheetwater wetlands and large spatial scale at which they occur we 
chose a modeling framework that could be applied at a landscape scale using easily observed 
characteristics (e.g., wetland size classes).  Wetland size class, or even more generally habitat 
patch size, is an important factor when assessing habitat values for many taxa including 
migratory waterbirds (LaGrange and Dinsmore 1989, see Chapter 3), and size dynamics could 
drive patterns of wildlife use or value at these sites. 
 Our modeling framework for characterizing wetland dynamics is useful but should be 
considered a first step to developing more comprehensive models. Importantly, our road-based 
assessment of these wetlands has some limitations that merit a brief discussion. First, the 
majority of land in Iowa’s PPR is privately owned and requires permission to access if more 
detailed measures of wetlands are needed.  Securing access to all privately held lands within 
even a single township is implausible and prohibitively inefficient.  Second, our assessment of 
wetland size and dynamics only accounts for visible changes in the wetland surface. Most of 
these wetlands are affected by subsurface drainage from tile lines, which alters the rates at which 
each wetland can be filled or drained (Farnham 2001, Johnson et al. 2008). Changes in 
subsurface drainage from temporary blockage of tile lines, future precipitation events, soil 
infiltration rates, or evapotranspiration rates also influence sheetwater wetland dynamics.  Third, 
our categorization of wetlands into discrete size classes may mask important area-dependent 
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effects. The ability to calculate exact wetland sizes would create a continuous variable for 
analysis and potentially allow for more accurate predictions of wetland size to external forces 
such as precipitation.  Access and logistical limitations eliminate the possibility of directly 
measuring the size of every wetland, but remote sensing via satellite or aerial imagery could 
provide a solution to this problem.  However, due to the small spatial scale and ephemeral nature 
of these wetlands, the repeat frequency and spatial resolution of commonly employed satellite 
sensors (16 days and 30 meter for Landsat, respectively) are too coarse to capture critical state 
dynamics.  Alternatively, aerial imagery has suitable spatial resolution, but precise temporal 
coverage is spotty at best.  Finally, there is also a possibility that sheetwater dynamics at some 
sites were changing at high enough rates that we did not observe them and thus they were not 
incorporated into our model. This would underestimate the amount of water available on the 
landscape, although such wetlands probably have little value to wildlife because they are so 
ephemeral. 
 An understanding of sheetwater dynamics is vitally important when considering their 
potential value as wildlife habitat in areas with intensive agriculture.  Sheetwater wetlands are 
not a replacement for natural wetlands, but are thought to provide an alternative habitat that is 
utilized by many migratory waterbirds (LaGrange and Dinsmore 1989, see Chapter 3). Our 
estimates of wetland size class change in response to precipitation could improve more complex 
models on hydrological responses. A known shortcoming for some current hydrological models 
is the lack of physically-based algorithms in the model framework (Kreymborg and Forman 
2001). Collectively, our study documents the extent and dynamics of sheetwater wetlands in 
Iowa’s PPR and highlights a need for additional study to link this habitat and its benefits to 
wildlife. 
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TABLES 
Table 1.  Summary of observed sheetwater wetlands by size class, year, and township from 
surveys conducted in Iowa’s Prairie Pothole Region, spring 2011 and 2012. 
Township and year Class 0 Class 1 Class 2 Class 3 Class 4 Class 5 
Beaver 2011 211 16 3 0 0 0 
Ellsworth 2011 1184 78 38 7 0 1 
Gowrie 2011 605 38 11 3 0 0 
Colfax 2011 638 71 21 5 1 2 
Garfield 2011 596 50 8 2 2 2 
Twin Lakes 2011 1415 170 22 1 3 4 
Mount Vernon 2011 731 144 18 1 3 6 
Newton 2011 1242 100 35 4 14 9 
Beaver 2012 191 22 7 4 0 0 
Ellsworth 2012 0 0 0 0 0 0 
Gowrie 2012 0 0 0 0 0 0 
Colfax 2012 0 0 0 0 0 0 
Garfield 20012 48 6 0 0 0 0 
Twin Lakes 2012 50 10 0 0 0 0 
Mount Vernon 2012 90 14 4 0 0 0 
Newton 2012 289 36 5 0 0 0 
Grant 2012 56 7 0 1 0 0 
Freedom 2012 53 7 0 0 0 0 
2011 Total 6622 667 156 23 23 24 
2012 Total 777 102 16 5 0 0 
Overall Total 7399 769 172 28 23 24 
  
 
2
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Table 2.  Model selection results for daily state transition probabilities (Ψ) of wetlands observed in selected townships of Iowa’s 
Prairie Pothole Region, spring 2011.  Model effects tested included an effect of allowing all six state transitions to vary independently 
(6 transitions), a linear seasonal effect (T), a common precipitation effect across all state transitions (common precipitation), a local 
precipitation effect for each state transition (precipitation), and no effect (.).  Models are ranked by ascending AICc vales and we also 
report the model weights (wi), number of parameters (K), and model deviance. 
Model 
1ΔAICc wi K Deviance 
 Ψ (all 6 state transitions*precipitation) 0 1 12 2651.94 
 Ψ (all 6 state transitions*[precipitation+T]) 59.74 0 15 2705.66 
 Ψ (all 6 state transitions+common precipitation 180.33 0 7 2842.29 
 Ψ (all 6 state transitions) 203.69 0 6 2867.66 
 Ψ (all 6 state transitions*T) 213.89 0 12 2865.83 
 Ψ (T) 10768.80 0 2 13440.77 
 Ψ (.) 10829.77 0 1 13503.75 
1
The AIC value of the best model was 139.25 
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Table 3. Summary of model parameter estimates (β), standard error (SE), and 95% confidence 
limits for the most competitive model on sheetwater size dynamics for wetlands observed in 
Iowa’s Prairie Pothole Region, spring 2011.  This model included six independent state 
transitions (AB, AC, BA, BC, CA, and CB) as well as site-specific precipitation effects (denoted 
with Precip preceding the respective state transition).   
   95% confidence limits 
Parameter β SE Lower Upper 
Intercept (CB) -1.62 0.36 -2.32 -0.92 
Precip CB -4.09 5.86 -15.57 7.39 
AB -2.68 0.37 -3.40 -1.96 
Precip AB 1.83 0.13 1.58 2.08 
AC -5.17 0.45 -6.05 -4.30 
Precip AC 1.87 0.33 1.23 2.51 
BA 0.90 0.36 0.20 1.60 
Precip BA -11.99 2.58 -17.04 -6.94 
BC -3.60 0.57 -4.72 -2.48 
Precip BC 1.08 1.92 -2.69 4.84 
CA 0.02 0.61 -1.17 1.21 
Precip CA -12.36 11.62 -35.13 10.41 
  
 
2
5
 
FIGURES 
 
Figure 1. Map of all surveyed townships in Iowa’s Prairie Pothole Region, spring 2011 and 2012.  All townships were surveyed during 
both seasons except for the Freedom and Grant townships, which were added to the survey list during the 2012 season.      
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Figure 2.  Predicted daily state transition probabilities (Ψ) and associated 95% confidence 
intervals based upon three different precipitation scenarios (0 cm, 2.54 cm, and 5.08 cm of daily 
rainfall) for sheetwater wetland dynamics in Iowa’s Prairie Pothole Region, spring 2011.  The 
sign on the y-axis indicates whether the transition led to an increase (positive) or decrease 
(negative) in wetland size. Letters for state transitions indicate a change from the first state 
(letter) to the second state (letter), so “AB” indicates a transition from an empty wetland (state 
A) to a small wetland (state B). Some 95% confidence intervals were poorly estimated (ranged 
from 0 to 1) due to small sample sizes of large wetlands and exceed the scale of the figure. 
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CHAPTER 3. WATERBIRD USE OF SHEETWATER WETLANDS IN IOWA’S 
PRAIRIE POTHOLE REGION 
A paper to be submitted to The Wildlife Society Bulletin 
Kevin T. Murphy
1
 and Stephen J. Dinsmore
1 
1
Department of Natural Resource Ecology and Management, Iowa State University, Ames, IA 
50011, USA 
ABSTRACT: Significant landscape alteration has occurred from the westward expansion of 
European settlement starting in the 18
th
 Century in the form of conversion of large expanses of 
land to agricultural production.  This agricultural expansion was facilitated by the development 
and installation of artificial subsurface drainage to convert previously saturated and unproductive 
soil in topographic depressions, also known as prairie potholes, into highly productive tillable 
areas.  Although most are currently drained they still exist in some form and are often observed 
as sheetwater wetlands in agricultural fields.  Sheetwater wetlands have potential value to 
migratory waterbirds but this value has only been examined in limited spatial and temporal 
contexts.  The objective of this study was to assess the value of agricultural sheetwater wetlands 
(farmed wetlands) to migratory waterbirds throughout the Prairie Pothole Region in Iowa. We 
used spatially replicated road-based surveys to document the presence of water and use by 
waterbirds (specifically the orders Charadriiformes and Anseriformes) and hypothesized that 
wetland size and extent would be an important driver of waterbird use in sheetwater wetland 
habitat.  We observed 423 unique wetlands (893 total observations) in 2011 and 96 unique 
wetlands (123 total observations) in 2012 and frequently documented waterbird use of these 
wetlands (21.2% of all wetlands).  Wetland size was found to have a positive effect on both 
waterbird species richness and waterbird abundance, and larger wetlands were more likely to be 
utilized by waterbirds.  We did not detect any effect of large tracts of public land within a survey 
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route on either waterbird richness or abundance indicating that waterbirds choose to utilize these 
wetlands based on their size and availability rather than the local availability of public lands.  
The findings from this study will be important for informing future decisions on drainage 
practices and the impact of these decisions on wildlife, and also indicate the need for further 
examination of the wildlife value of this habitat type across a larger temporal and spatial scale. 
KEY WORDS: agriculture, Prairie Pothole Region, sheetwater, waterbird, wetland 
INTRODUCTION 
With the expansion of European settlement across North America from the 18
th
 Century 
until present date there have been substantial habitat losses and alterations that have impacted 
wildlife.  One such consequence is the substantial loss of wetland habitats across the continent 
(Dahl 1990).  Roughly 30% of all historical wetlands in North America have been drained or 
otherwise transformed, although this figure climbs to 50% of wetlands when only considering 
the 48 coterminous states (Dahl 1990).  This widespread loss of wetlands has been 
disproportionately focused on the Midwest and in Iowa, which has lost more than 3.5 million 
acres that represent 89% of historical wetlands lost (Dahl 1990).  Recently the rate of wetland 
loss has been greatly reduced throughout North America (Dahl 2000) and can be largely 
attributed to key legislative actions such as the Clean Water Act and 1985 Food Security Act to 
protect wetlands as well as conservation efforts through programs like the Conservation Reserve 
Program and the Wetland Reserve Program (Dahl 2000). 
Despite these efforts towards conservation, losses due to agricultural and urban expansion 
are still the greatest threat to freshwater wetlands in the 48 coterminous states (Dahl 2000).  
Additionally, shallow and temporary wetlands in agricultural fields—often referred to as farmed 
wetlands—are usually the primary target of enhanced drainage because they can reduce 
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agricultural productivity and limit access for agricultural equipment (Euliss and Mushet 1999).  
Although modification and expansion of drainage to wetlands throughout the Prairie Pothole 
Region (PPR) has been largely reduced compared to historical rates there are projects underway 
in Iowa that advocate for increased drainage across the landscape and consolidation of farmed 
wetlands into larger and more permanent wetlands for purposes of de-nitrification and increased 
agricultural productivity on drained lands (IDALS 2010).  Increased drainage will undoubtedly 
alter the extent and frequency of Farmed Wetlands on the landscape, and the potential effects of 
this action on wildlife are largely unknown. 
Thirty-two species of waterfowl and thirty-four species of shorebirds are regularly 
observed in Iowa (Kent and Dinsmore 1996), often during bi-annual migratory journeys to and 
from productive breeding grounds that span the Great Plains to the Palearctic (Myers et al. 1987, 
Baldassarre and Bolen 1994).  Both waterfowl and shorebirds utilize wetlands as a primary 
natural habitat for foraging, resting, and reproduction (Baldassarre and Bolen 1994, Colwell 
2010).  Farmed wetlands have the potential to be highly valuable to both species groups during 
spring migration, although the extent of this value is largely unexamined.  Waterfowl and 
specifically the Anatidae (puddle ducks that prefer shallower water) are a well-studied taxonomic 
group, but there is a paucity of knowledge of their spring ecology in regards to migration and 
stopover ecology (Lindström 1995, Arzel et al. 2006). The body of knowledge about the spring 
migration of shorebirds is larger than that for waterfowl, but is still relatively sparse.  Shorebirds 
are a diverse yet specialized group that are heavily tied to shallow aquatic habitats and mudflats 
that support a variety of invertebrates that make up their primary forage (Helmers 1992).  Eight 
species of shorebirds in the PPR and 21 species nationally are listed as species of conservation 
concern (Brown et al. 2001, U.S. Fish and Wildlife Service 2008).  Many factors such as a 
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concentration of populations into limited areas during migration or winter, high energy 
requirements for migration, exact timing requirements for migration, and anthropogenic 
influences raise conservation issues for migratory shorebirds (Myers et al. 1987).  Shorebirds 
utilize a variety of agricultural habitats during nonbreeding and migratory life stages, including 
moist soil and flooded row crop fields (Colwell 2010).  They are able to track highly ephemeral 
habitats such as farmed wetlands at a local scale (Skagen 1997) and utilize available resources 
completely and efficiently (Goss-Custard 1977, 1979, Schneider and Harrington 1981).  
Estimated rates of resource assimilation have shown that shorebirds exhibit the highest recorded 
rate of energy assimilation in vertebrates (Kvist and Lindström 2003).  Because of the high 
energy requirements of many shorebirds for long distance migration, migratory stopover sites are 
a crucial habitat for shorebird survival; common spring migrants such as Pectoral Sandpipers 
(Calidris melanotos), Dunlin (Calidris alpina), Semipalmated Sandpiper (Calidris pusilla), and 
White-rumped Sandpiper (Calidris fuscicollis) rely on stopover sites throughout the Great Plains 
to complete their annual migrations (Skagen and Knopf 1993) with birds in poor body condition 
often residing at stopover sites longer to accumulate fat reserves (Skagen and Knopf 1994). Our 
objective was to assess the value of agricultural sheetwater wetlands (farmed wetlands) to 
migratory waterbirds throughout the PPR in Iowa. We used spatially replicated road-based 
surveys to document the presence of water and use by waterbirds and hypothesized that wetland 
size and extent would be an important driver of waterbird use in sheetwater wetland habitat. The 
findings from this study will be important for informing future decisions on drainage practices 
and these decisions’ impacts on wildlife 
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METHODS 
Study area 
This study was conducted throughout Iowa’s Prairie Pothole Region during spring 2011 
and 2012. In its entirety, the PPR extends from Alberta, Canada to central Iowa and encompasses 
approximately 70 million hectares of North America (Van der Valk 2005).  In Iowa the Prairie 
Pothole Region overlaps the Des Moines Lobe Landform Region (Miller et al. 2009), which 
represents the southern extent of the most recent Wisconsin Glaciation receding as recently as 
12,000 years ago (IAN 2001). 
Survey Methodology  
Eight townships were randomly selected for surveys in 2011 and 2012, with two 
additional townships added in 2012 to increase spatial coverage of the study area (Figure 1).  
Wetlands were surveyed at the township level from randomly selected townships in three equal 
latitudinal strata defined by rows of 8 townships in the Des Moines Lobe.  The precipitation 
regime in the Des Moines Lobe Landform Region is such that there is a gradual reduction in 
annual precipitation as one moves northwest through the region towards the Great Plains 
(PRISM Group 2006).  Selection from these latitudinal strata ensured equal sampling of the 
entire region and its entire precipitation regime.  Selected townships resided entirely or nearly 
entirely (>75%) within a HUC-10 watershed (Watershed Boundary Dataset 2011) to ensure 
hydrologic isolation from other watersheds and fit hydrologic constraints set forth by project 
cooperators for hydrological monitoring.  Additionally, an equal number of townships with and 
without public land areas were selected to account for any variation in habitat use related to 
public land proximity.  Large tracts of public land habitat could serve as attractors for waterbird 
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species because migratory waterbirds often concentrate at large managed tracts for roosting and 
foraging (LaGrange and Dinsmore 1989, Skagen and Knopf 1994).   
A roadside survey route was established for each surveyed township using ArcGIS 
software (v. 9, ESRI 2006), XTools Pro for ArcGIS Desktop (v. 7.1.0, Data East Soft LLC), and 
Hawth’s Analysis Tools for ArcGIS (Beyer 2004) that covered all roads within a township with 
minimum overlap or re-traveling of roads to increase survey efficiency.  In general, waterfowl 
migration in Iowa begins in early in March and the last migrant shorebirds depart in early June 
(Kent and Dinsmore 1996).  Surveys were initiated in conjunction with spring snowmelt in 
March and spring migration of waterfowl and shorebirds through the region. Surveys were 
conducted every 4.9 days on average (SE = 0.13) from 14 March to 1 June 2011 and from 23 
March to 23 May 2012.  This survey frequency of approximately 5 days coincides with known 
minimum stopover duration of some shorebirds (Skagen and Knopf 1994), although little is 
known about the residency time of shorebirds or waterfowl in this particular habitat type or time 
period. Survey routes were driven at a speed appropriate (generally ≤70 kilometers/hour) to 
adequately detect and observe wetlands within the survey townships.  Average survey route 
length was approximately 115 km, and routes generally took a minimum of two hours (minimum 
1 hr 55min, maximum 5 hrs) to complete under ideal conditions. Wetlands observed along the 
edges but outside of the townships surveyed were not included.  Surveys were not conducted 
during adverse weather conditions (snow, rain) that would negatively impact detection 
probability of wetlands or birds present on wetlands. 
 There are numerous definitions of conditions that define a wetland, although Cowardin et 
al. (1979) has laid out general definitions for classification of wetlands that are widely used and 
accepted within the United States.  In general, for an area to be defined as a wetland it must meet 
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one or more of the following requirements: presence of hydrophyte vegetation communities, a 
predominantly undrained hydric soil substrate, or a non-soil substrate that is saturated or covered 
with water at some point during a growing season.   This was the first widely accepted 
biologically based definition system for wetlands in the US.  Certain legislative acts have further 
defined wetlands for jurisdictional purposes.  The presence of a wetland was determined 
primarily by the criteria of “visible water covering the soil surface” put forth by Cowardin et al. 
(1979).  Presence of moist soil alone is not a good predictor of waterbird use of an area (Niemuth 
et al. 2006) and exclusion of these areas from surveys might only lead to conservative 
conclusions on waterbird use of farmed wetlands.  These wetlands are not likely to host 
macrophyte plant species because they are located in perpetually disturbed agricultural fields 
(Niemuth et al. 2006).  Only wetlands completely visible from the roadway were surveyed to 
avoid any assumptions about unknown characteristics of these wetlands.  Upon detection of a 
wetland along the survey route, numerous characteristics were recorded.  These measurements 
include a) UTM easting and northing of the observation point from a Garmin GPSmap 76 unit 
(Garmin LTD 2009), b) the bearing to the wetland and distance to the closest edge of the wetland 
using a Nikon ProStaff 550 laser rangefinder (Nikon Vision Company 2009), and c) a 
photograph of the extent of the wetland using a Casio EX-H20G camera (Casio Computer Co. 
Ltd. 2010).  The percentage of surface water covered in ice or emergent vegetation was visually 
estimated and recorded to test for relationships between relative water available and bird use.  
Size of the wetland was estimated via 5 increasing size bins as follows: 0-0.1 ha (Class 1), 0.1-
0.25 ha (Class 2), 0.25-0.50 ha (Class 3), 0.5-1.0 ha (Class4), and >1.0 ha (Class 5).  The 
structure of these size bins is designed to be able to detect expected variability and relatively 
high abundance of wetlands of smaller sizes. 
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We surveyed waterbird species utilizing wetlands using 10x42 binoculars and a 20-60x 
spotting scope.  Because of access challenges on private land (>99% of surveyed wetlands in this 
study were privately owned) counts were only conducted from public roads and we also assumed 
perfect detection probability of birds present.   The survey methodology of this study was a 
roadside survey that acts as an infinite width line transect.  This methodology assumes a constant 
detection probability with increasing distance, and is generally only robust when species being 
surveyed are conspicuous and within open habitat (Bibbey 2000, Hill 2005).  The open 
agricultural landscape of Iowa that contains farmed wetlands and lack of emergent vegetation 
within them meets the assumption of open habitat, and waterbirds are conspicuous in this 
context.  A previously published study that utilized a similar survey methodology characterized 
spring habitat use by migratory Mallards (LaGrange and Dinsmore 1989), and it is assumed that 
this methodology remained robust for this study.  Although this study recorded all waterbird 
species detected, the most abundant and thus focal species were spring migrant waterfowl and 
shorebirds of the orders Anseriformes and Charadriiformes, respectively, present on a surveyed 
wetland as well as their respective abundances during each observation. 
Statistical Analyses 
We evaluated waterbird use of sheetwater wetlands in several ways.  Spearman 
correlation coefficients (rs) were calculated to test for linear relationships between various 
characteristics of wetlands and indices of waterbird use.  A non-parametric analysis of variance 
and a post-hoc multiple comparison test were used to test for the effect of wetland size on 
waterbird use.  Rarefaction analysis was also conducted with EcoSim (Gotelli and Entsminger 
2012) on the five different wetland size classes to test if effects of wetland size on waterbird 
richness were strongly influenced by an abundance effect (Gotelli and Colwell 2001).  
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Additionally, the overall percentage of wetlands occupied by waterbirds in each size class was 
determined and pairwise comparisons were made.  Finally, comparisons were made for wetlands 
and waterbird use between the two township types (Agricultural versus Public Lands) and 
between the two survey years (2011 and 2012). All statistical tests were considered significant at 
α = 0.05. 
 Spearman correlation coefficients (rs) were calculated as an initial exploratory analysis to 
test for any obvious linear relationships among the following variables: survey route, Julian date 
of survey, year of survey, size class of an observed wetland, distance to the edge of a wetland, 
overall waterbird species richness on a wetland, and overall waterbird abundance on a wetland.  
Correlation coefficients were tested for significance using t-tests and any significant correlations 
were used to help inform further analyses. 
Analyses focused on investigating relationships between waterbirds observed utilizing 
farmed wetlands and observed characteristics of these wetlands and their townships.  Because of 
unequal sample sizes for wetland size classes and violation of the assumption of normal 
distribution required for a one-way ANOVA, a non-parametric Kruskal-Wallis one-way analysis 
of variance (Kruskal and Wallis 1952) test was performed on both waterbird species richness and 
overall waterbird abundance by wetland size class to test for differences in bird use related to 
size. 
In the event that the null hypothesis for these analyses of variance were rejected, post-hoc 
testing was conducted to test for pairwise significant differences between groups.  Because of 
violations of the assumptions of homogeneity of variance and normality, a Games-Howell 
multiple comparison test was the most appropriate framework for testing pairwise comparisons 
(Games and Howell 1976).  To help further characterize the relationship between wetland size 
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and occupancy by waterbirds, the overall proportion of wetland observations in each size class 
that had birds present was calculated and these proportions were examined with a pairwise 
comparison test for differences between size classes. 
Pairwise comparisons via t-tests were conducted for wetland size, waterbird species 
richness on a wetland, and overall waterbird abundance on a wetland in both “Agricultural” and 
“Public Lands” township types (townships containing no public land natural habitat blocks and 
townships with public land habitats available, respectively).  Additionally, pairwise comparisons 
with t-tests were made for wetland size, waterbird species richness on a wetland, and overall 
waterbird abundance on a wetland between the 2011 and 2012 survey seasons. 
RESULTS 
Observations of wetlands and waterbirds 
A total of 1016 observations of wetlands were made over the course of this study.  Of this 
total, 893 observations on 423 unique wetlands were made in 2011, while there were only 123 
total observations of 96 unique wetlands in 2012.  Wetlands were predominantly the smaller size 
classes, with 76% falling in the 0-0.10 ha class.  Similar patterns were observed for the 
distribution of wetlands being heavily weighted towards smaller classes in both years (Figure 2). 
A total of 2980 individual waterbirds of 39 species in the orders Anseriformes, 
Pelecaniformes, Gruiformes, and Charadriiformes were observed utilizing sheetwater wetlands 
during this study (Table 1).  In total, waterbirds were observed utilizing sheetwater wetlands 
during 21% of all wetland observations.  The four most frequently observed species in 
descending order were Killdeer (Charadrius vociferous, 121 observations), Mallard (Anas 
platyrhynchos, 61 observations), Blue-winged Teal (Anas discors, 25 observations), and Lesser 
Yellowlegs (Tringa flavipes, 21 observations).  The four most abundant species observed in 
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descending order were Mallard (Anas platyrhynchos, 689 individuals), Ring-billed Gull (Larus 
delawarensis, 293 individuals), Canada Goose (Branta canadensis, 270 individuals), and 
Killdeer (Charadius vociferous, 193 individuals).  Diversity was generally greatest in March 
with an expected initial surge in migrant waterfowl due to spring melt of ice and snow cover, 
while another peak in diversity occurred in late April and early May with the expected arrival of 
spring migrant shorebirds (Figure 3). 
Waterbird Use Patterns 
Generally very weak correlations were observed among the examined variables, although 
significant positive correlations were observed between the following variables: Route and Julian 
Date (r1014 = 0.168, P < 0.01), Year and Julian Date (r1014 = 0.291, P < 0.01), Species Richness and 
Julian Date (r1014 = 0.083, P <0.01), Species Richness and Year (r1014 = 0.161, P < 0.01), Size and 
Distance from Road (r1014 = 0.213, P < 0.01), Size and Species Richness (r1014 = 0.339, P < 0.01), 
Size and Abundance (r1014 = 0.252, P < 0.01), and Species Richness and Abundance (r1014 = 0.655, 
P < 0.01).  A summary of all correlation calculations can be seen in Table 2. 
In general, both waterbird species richness and waterbird abundance increased with 
wetland size (Table 3) A Kruskal-Wallis test revealed a significant effect of wetland size on both 
waterbird species richness (χ24=57.9, P < 0.001) and waterbird abundance (χ
2
4=60.9, P < 0.001).  
Post-hoc Games-Howell pairwise comparisons indicated significant differences in mean 
waterbird richness between Class 1 and Class 3 wetlands (P = 0.037), Class 1 and Class 4 
wetlands (P=0.003), and Class 2 and Class 4 wetlands (P = 0.021).  Games-Howell post-hoc 
comparisons on waterbird abundance by size class did not indicate any significant differences in 
pairwise relationships (Table 4).  Rarefaction analysis did not indicate significant differences 
between waterbird richness between size classes, as confidence intervals broadly overlapped for 
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all size classes except Class 2 and Class 4 wetlands at high waterbird abundance values (Figure 
4). 
 To help further characterize the relationship between wetland size and occupancy by 
waterbirds, the overall proportion of wetland observations in each size class that had birds 
present was calculated and these proportions were examined with a pairwise comparison test for 
differences between size classes.  In general the proportion of wetlands observed with waterbirds 
increased with increasing size and significant differences existed between many size classes 
(Figure 5). 
 Equal numbers of townships containing either some or no public land habitat patches 
were sampled.  There were no significant effects of township type (“Agricultural” versus “Public 
Lands”) on wetland species richness, t1014= -1.89, P = 0.06 or waterbird abundance, t742= 0.80, P 
= 0.42.  There was a significant difference between township types for mean wetland size, t675=-
2.80, P = 0.005, with “Agricultural” townships having slightly larger wetlands on average. 
Comparisons were also made between the 2011 and 2012 survey periods for wetland size, 
waterbird species richness, and waterbird abundance.  We found a significant effect for both 
mean wetland size, t242=3.71, P < 0.001, and waterbird species richness, t144=-4.38, P < 0.001, 
with wetlands being slightly larger albeit less diverse in 2011.  We did not observe a significant 
difference between years for waterbird abundance, t1002=.88, P = 0.38.   
DISCUSSION 
This study mainly sought to implement a survey methodology and provide initial 
documentation and assessment of waterbird use of farmed wetlands in Iowa’s PPR.  Extent and 
use of this specific type of ephemeral wetland in an overwhelmingly agricultural ecosystem by 
migrant waterbirds is observed frequently but up to this point most observations have been 
39 
 
 
largely anecdotal and not done systematically at a scale as large as this study (LaGrange and 
Dinsmore 1989, Kenne 2006).  Observations of wetlands coincided with expectations that during 
spring migration this habitat type was readily available over large areas and waterbirds were 
frequently observed utilizing it.   
Although there is not an explicit model to predict waterbird richness or use of these 
sheetwater wetlands at this time we have identified some relationships between wetland 
characteristics and these measures of habitat quality.  We observed significant (P<0.05) positive 
correlations with wetland characteristics including relationships between species richness and 
waterbird abundance, species richness and wetland size, and waterbird abundance and wetland 
size.  The strong correlation between richness and total abundance is to be expected in virtually 
any system, especially one as highly homogenized by row crop agriculture as Iowa’s PPR.  The 
more interesting relationships observed were those of increasing richness and increasing total 
abundance with increasing wetland size.  In addition to nonparametric ANOVA tests indicating 
differences in these two metrics for different size classes, conservative post-hoc comparisons 
confirmed pairwise differences for some but not all size classes.  The relationships between 
habitat patch area or sampling area size and both richness and total abundance have been 
extensively studied (Preston 1962, MacArthur and Wilson 1967) and an increase of richness and 
abundance might be expected even in a homogenous habitat patch such as sheetwater wetlands 
(largely devoid of vegetation, very low topographic relief, and ubiquitous agricultural 
disturbance help maintain this homogeneity).  Although these relationships between size and 
metrics of wildlife value could be hypothesized, increases in these metrics could indicate that 
wetland size is a determinant factor in waterbird use of sheetwater wetlands and increasing size 
is likely to indicate higher habitat quality that supports increased diversity and abundance of 
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waterbirds.  However, rarefaction analysis indicated that increasing richness with size may be 
and effect of abundance rather than a true increase in diversity with increased size.  This is not to 
say that size may not indicate value to migratory waterbirds, as we observed a positive 
relationship between wetland size and waterbird abundance (which rarefaction indicated would 
increase diversity) but increased sampling may be necessary to properly assess this relationship.  
The percentage of wetlands occupied by waterbirds during observation was low overall (21.2%) 
but it should be noted that a vast majority (76%) of observed wetlands were of the smallest and 
likely least valuable size class.  When broken down by size class, larger wetlands overall had 
increased rates of waterbird observation and significant (P < 0.05) differences existed between 
many size classes.  This relationship doesn’t hold for the largest size class (>1.0 ha) as it does not 
differ significantly (P >0.05) from many smaller size classes, but this is likely due to a bias from 
small sample sizes of larger wetland size classes as all 24 wetlands of this size class were 
observed in 2011 and none in 2012. 
Comparisons between agricultural and public lands townships yielded interesting results.  
If large tracts of public land or natural habitat were acting as attractors for waterbirds then an 
increase in richness and total abundance would be expected in public lands townships.  This was 
not found to be the case and could indicate that proximity to public lands is not the most 
important determining factor.  It was observed that wetland size differed significantly (P < 0.05) 
between the two township types with agricultural townships being slightly larger on average, 
which should also increase richness and total abundance.  This was not observed and is likely 
explained by the difference in size by type being significant statistically but not biologically as 
mean size class for public lands townships was 1.33 and mean size class for agricultural 
townships was 1.49. 
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Comparisons between years indicated slightly larger albeit less diverse wetlands were 
observed in 2011 than 2012 without a significant (P < 0.05) difference in total abundance of 
waterbirds between the two seasons.  In 2012 a prolonged drought substantially impacted much 
of the Midwestern U.S. and severely reduced the amount of sheetwater wetland habitat.  
Consequently we observed a 77.3% decrease in unique wetlands observed and an 86.2% 
decrease in total wetland observations even with the addition of two townships to the 2012 
sampling season.  With this reduction of sample size for the 2012 season and only a single year 
of observations for each a “normal precipitation regime” year and “drought event” year it is 
uncertain if differences between years would hold with increased sample sizes. 
 Overall use of sheetwater wetlands by a high diversity of birds was observed in many 
wetlands, with wetland size being the most significant characteristic relevant to measures of 
biodiversity or waterbird use.  A related study with a similar methodology (LaGrange and 
Dinsmore 1989) also found that size was the most important factor in sheetwater wetland use by 
Mallards in Iowa.  Comparing the results of LaGrange and Dinsmore (1989) to the results of this 
study can also help illustrate some important factors in waterbird use of sheetwater.  In two 
survey seasons (February-May, 1983-1984) LaGrange and Dinsmore utilized a single roadside 
survey route of 97 km to detect 455 sheetwater wetlands and 19,530 Mallard use days, especially 
on sheetwater >2.0 ha.  These two seasons were the 30
th
 and 18
th
 wettest, respectively, in 119 
years of recorded climatological data for the state (NOAA).  In contrast, we utilized eight survey 
routes in 2011 and ten routes in 2012 averaging 117 km in length and detected 546 total wetlands 
(only 2% of which were >1.0 ha) with 2,980 waterbird use days of 39 species.  Our sampling 
seasons ranked as the 37
th
 and 48
th
 wettest in 2011 and 2012 respectively in 119 years of 
climatological data.  It is also almost certain that the amount of subsurface drainage on Iowa’s 
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landscape has increased since 1984, with 2011-2012 having more new drainage installation than 
any similar recent period (Associated Press, January 9, 2013).  Both drier sampling periods and 
increased subsurface drainage are likely contributors to the observed decrease in wetland 
abundance, wetland size, waterbird diversity, and overall waterbird use in the study period. This 
also indicates that in years of increased precipitation the potential sheetwater habitat available 
and waterbird use of this habitat could be much greater than what we have observed. 
Overall, the results of this study indicate that size and availability of sheetwater wetlands 
are likely to determine their wildlife value to migratory waterbirds.  Waterbirds were only 
observed on 21.2% of wetlands, so it seems at face value that these wetlands may not be 
valuable. However, when considering that the ten surveyed townships comprise only 3% of the 
Des Moines Lobe Landform’s 3 million hectares the potential extent and abundance of wetlands 
available for waterbird use is impressive, especially in a migratory season with increased 
precipitation.  It is likely that a widespread increase in subsurface drainage across this landscape 
(like those proposed by the Iowa Drainage and Wetlands Landscape Systems Initiative, 
commonly known as the “Iowa Plan” (IDALS 2010) would reduce the extent and availability of 
sheetwater to migratory waterbirds and reduce connectivity of sheetwater wetlands due to 
decreased density.  The Iowa Plan also proposes construction of large wetlands for the purposes 
of de-nitrification and increased wildlife value.  An important question is whether these 
constructed basins offer wetland habitat that is similar to the existing network of sheetwater 
wetlands, and if they offer synonymous habitat types because many currently available 
sheetwater wetlands are highly variable and change substantially in short periods of time. 
The design of this study also presented limitations to the types of characteristics that 
could be observed for any individual sheetwater wetland.  The majority of land in Iowa’s PPR is 
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privately owned and would require permission to access.  There is also no certainty as to when or 
where sheetwater wetlands will be observed or persist due to a number of unknown factors such 
changes in subsurface drainage from temporary blockage of tile lines, future precipitation events, 
soil infiltration rates, or evapotranspiration rates.  Securing access to all privately held lands 
within even a single township is implausible and prohibitively inefficient.  The ability to measure 
resource availability within an individual wetland and differences in resources between wetlands 
would potentially have been informative in assessing waterbird use of sheetwater.  Shorebirds 
aggregate around and readily respond to areas of high invertebrate ability (Recher 1966, Safran 
et al. 1997, Knapp 2001, Playck and Harrington 2004) and agricultural wetlands have in the past 
been shown to host invertebrate resources sufficient to support large concentrations of foraging 
shorebirds (Taft and Haig 2005).  Direct measurement of food resources for waterbirds could 
help indicate the magnitude of value of sheetwater wetlands individually and as a whole. 
In this study we have documented use of sheetwater wetlands by spring migrant 
waterbirds and found that wetland size may be an important driver of waterbird use of this 
habitat.  Larger wetlands are more likely to be used by waterbirds and host more individuals of a 
greater diversity than smaller wetlands.  We anticipate that these trends would also hold in years 
with average to above-average precipitation except that diversity and abundance of waterbirds 
utilizing these wetlands could be even greater.  Regional or landscape level changes in 
subsurface drainage practices would certainly have impacts on sheetwater wetlands that are not 
yet fully understood.  Better understanding of the overall values and conservation of stopover 
habitats in the Prairie Pothole Region have been identified as priorities for future conservation of 
migratory waterbirds that rely on these and other stopover sites during annual migratory journeys 
(Helmers 1992, Dinsmore et al. 1999, Brown et al. 2001) . 
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TABLES 
 
Table 1. List of all species observed with the overall number of occasions that species was 
observed (Frequency) and the total number of individuals of that species observed over all 
occasions (Abundance) from waterbird surveys in Iowa’s Prairie Pothole Region, spring 2011 
and 2012. 
 
Species Observed Frequency Abundance 
Greater White-fronted Goose Anser albifrons 2 14 
Snow Goose Chen caerulescens 1 108 
Canada Goose Branta canadensis 13 270 
Trumpeter Swan Cygnus buccinator 4 41 
Wood Duck Aix sponsa 1 1 
Gadwall Anas strepera 5 33 
American Wigeon Anas americana 3 19 
Mallard Anas platyrhynchos 61 689 
Blue-winged Teal Anas discors 25 138 
Northern Shoveler Anas clypeata 8 51 
Northern Pintail Anas acuta 4 59 
Green-winged Teal Anas crecca 10 183 
Canvasback Aythya valisineria 4 77 
Ring-necked Duck Aythya collaris 4 89 
Lesser Scaup Aythya affinis 7 186 
Bufflehead Bucephala albeola 2 5 
Common Merganser Mergus merganser 1 2 
Ruddy Duck Oxyura jamaicensis 1 24 
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Table 1.  (continued) 
Great Blue Heron Ardea herodias 1 1 
American Coot Fulica americana 2 32 
American Golden-Plover Pluvialis dominica 1 3 
Semipalmated Plover Charadrius semipalmatus 3 6 
Killdeer Charadrius vociferus 121 193 
Spotted Sandpiper Actitis macularius 4 4 
Solitary Sandpiper Tringa solitaria 11 21 
Greater Yellowlegs Tringa melanoleuca 12 117 
Lesser Yellowlegs Tringa flavipes 21 134 
Upland Sandpiper Bartramia longicauda 2 2 
Hudsonian Godwit Limosa haemastica 1 4 
Semipalmated Sandpiper Calidris pusilla 6 7 
Least Sandpiper Calidris minutilla 9 51 
White-rumped Sandpiper Calidris fuscicollis 1 10 
Baird's Sandpiper Calidris bairdii 2 2 
Pectoral Sandpiper Calidris melanotos 15 97 
Dunlin Calidris alpina 1 1 
Stilt Sandpiper Calidris himantopus 1 4 
Unidentified sandpiper spp. Calidris sp. 1 6 
Long-billed Dowitcher Limnodromus scolopaceus 1 1 
Wilson's Snipe Gallinago delicata 1 2 
Ring-billed Gull Larus delawarensis 11 293 
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Table 2. Spearman correlation coefficients (rs) were calculated for the following wetland characteristics observed in Iowa’s Prairie 
Pothole Region, spring 2011 and 2012.  Variables include survey route the wetland was observed in (Route), Julian date of survey 
(Julian Date), Year, size class (Size), Distance from Road, Species Richness, and total waterbird abundance (Abundance).  Asterisks 
(*) indicate a significant correlation value. 
 
  
Route Julian Date Year Size 
Distance From 
Road 
Species 
Richness 
Abundance 
Route 1 — — — — — — 
Julian Date *0.244 1 — — — — — 
Year *0.107 *0.306 1 — — — — 
Size -0.025 0.01 *-0.066 1 — — — 
Distance From 
Road 
-0.037 *-0.177 *-0.152 *0.226 1 — — 
Species Richness *0.127 *0.175 *0.232 *0.187 *-0.067 1 — 
Abundance *0.124 *0.163 *0.217 *0.195 -0.053 *0.996 1 
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Table 3. Counts of wetlands (n), mean species richness, and mean waterbird abundance for all 
wetlands surveyed in Iowa’s Prairie Pothole Region, spring 2011 and 2012. 
 
  
Species Richness 
 
Waterbird Abundance 
 
n Mean Variance 
 
Mean Variance 
Class 1 769 0.24 0.39 
 
0.64 14.53 
Class 2 172 0.45 1.01 
 
3.11 137.28 
Class 3 28 1.32 3.49 
 
9.57 824.476 
Class 4 22 1.45 1.88 
 
13.04 529.47 
Class 5 25 2.04 15.37 
 
54.04 28908.62 
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Table 4.  Summary of Games-Howell pairwise comparisons for species richness and waterbird 
abundance between all size classes of wetlands observed in Iowa’s Prairie Pothole Region, 
spring 2011 and 2012.  Asterisks (*) indicate significant p-values of a pairwise comparison for 
that characteristic. 
 
Parwise Comparison Species Richness 
 
Waterbird Abundance 
 
t df P 
 
t df p 
Class 1:Class 2 2.59 201.40 0.08 
 
2.72483 179.169 0.05 
Class 1:Class 3 3.06 27.22 *0.04 
 
1.644 27.0347 0.48 
Class 1:Class 4 4.14 21.25 *0.004 
 
2.52619 21.0330 0.12 
Class 1:Class 5 2.29 24.04 0.18 
 
1.57012 24.0008 0.53 
Class 2:Class 3 2.42 29.59 0.14 
 
1.17484 28.4801 0.77 
Class 2:Class 4 3.33 23.97 *0.02 
 
1.99238 22.4128 0.30 
Class 2:Class 5 2.02 24.46 0.29 
 
1.49719 24.0331 0.57 
Class 3:Class 4 0.29 47.81 0.99 
 
0.4749 47.9708 0.99 
Class 3:Class 5 0.84 33.48 0.92 
 
1.29137 25.2233 0.69 
Class 4:Class 5 0.70 30.46 0.96 
 
1.19319 24.9970 0.76 
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Table 5. Mean species richness, waterbird abundance, and size class by survey township type 
(Agricultural versus Public) for wetlands surveyed in Iowa’s Prairie Pothole Region, spring 2011 
and 2012. 
 
 Mean Richness 
  ± SD 
Mean Abundance 
  ± SD 
Mean Size Class 
  ± SD 
Public 0.33 ±  0.04 3.34 ±  1.42 1.33 ±  0.03 
Ag 0.46 ±  0.05 2.15 ± 0.43 1.49 ±  0.05 
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FIGURES 
 
Figure 1. Map of all surveyed townships in Iowa’s Prairie Pothole Region, spring 2011 and 2012.  All townships were surveyed during 
both seasons except for the Freedom and Grant townships, which were added to the survey list during the 2012 season. 
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Figure 2.Graph of the distribution of wetland observations by size classes for all wetlands 
surveyed in Iowa’s Prairie Pothole Region, spring 2011 and 2012.  Wetland observations for 
2011 are represented by black bars while wetland observations for 2012 are represented by gray 
bars. Size of the wetland was estimated via 5 increasing size bins as follows: 0-0.1 ha (Class 1), 
0.1-0.25 ha (Class 2), 0.25-0.50 ha (Class 3), 0.5-1.0 ha (Class 4), and >1.0 ha (Class 5). 
 
0
100
200
300
400
500
600
700
800
1 2 3 4 5
F
re
q
u
en
cy
 
Wetland Size Class 
  
 
5
6
 
 
 
Figure 3.  Graph of waterbird species richness by date in Iowa’s Prairie Pothole Region, spring 2011 and 2012. Black bars indicate 
species richness for surveys in 2011 while gray bars indicate species richness for surveys in 2012. 
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Figure 4.  Rarefaction curves for observations of waterbird species richness and abundance by size class (bars show 95% intervals) for 
wetlands in Iowa’s Prairie Pothole Region, spring 2011 and 2012.  Confidence intervals broadly overlap for all size classes except 
Class 2 and Class 4 wetlands at abundances >176 individuals.  Size of each wetland was estimated via 5 increasing size bins as 
follows: 0-0.1 ha (Class 1), 0.1-0.25 ha (Class 2), 0.25-0.50 ha (Class 3), 0.5-1.0 ha (Class 4), and >1.0 ha (Class 5). 
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Figure 5. Percentage of wetlands occupied by waterbirds by size class (bars show 95% confidence intervals) for wetlands in Iowa’s 
Prairie Pothole Region, spring 2011 and 2012.  A * indicates a significant difference (α < 0.05) from at least one other size class with 
the following notation: a = significantly different from size 1 wetlands, b = significantly different from size 2 wetlands, c = 
significantly different from size 3 wetlands, d = significantly different from size 4 wetlands, and e = significantly different from size 5 
wetlands. 
          
*b, c, d 
*a, c, d 
*a, b 
*a, b, e 
*d 
0
10
20
30
40
50
60
70
80
90
100
1 2 3 4 5
P
er
ce
n
t 
o
f 
W
et
la
n
d
s 
O
cc
u
p
ie
d
 b
y
 
B
ir
d
s 
Wetland Size Class 
59 
 
 
CHAPTER 4. STOPOVER DYNAMICS OF FALL MIGRANT PECTORAL 
SANDPIPERS (CALIDRIS MELANOTOS) IN IOWA 
A paper to be submitted to The Condor 
Kevin T. Murphy
1
 and Stephen J. Dinsmore
1 
1
Department of Natural Resource Ecology and Management, Iowa State University, Ames, IA 
50011, USA 
 
ABSTRACT: Many species of shorebirds (order Charadriiformes) undergo bi-annual long 
distance migrations between temperate and tropical wintering areas to extreme northern latitudes 
for breeding purposes.  During these journeys individuals rely on migratory stopover sites with 
sufficient resources to refuel energetically and accumulate energy stores in preparation for 
subsequent migratory bouts.  Most previous studies on migratory stopover in shorebirds have 
been focused on coastal areas or ecosystems; however, many shorebird species migrate through 
mid-continental areas of North America and rely on network of ephemeral and unpredictable 
stopover sites in this region.  We examined stopover dynamics of Pectoral Sandpipers (Calidris 
melanotos) at a Trumbull Lake in Clay County, Iowa during fall 2012.  We radiomarked 52 
individuals (19 males and 33 females) and tracked them within this stopover site to determine 
their departure date.  We also modeled daily probability of local survival within the stopover site 
with the nest survival model on program MARK and utilized daily local survival to estimate 
minimum stopover durations.  We included a body condition index based off of a scaled mass 
measurement as a covariate in determining daily local survival probabilities.  The most 
competitive model included both a negative linear day-of-season effect and negative effect of 
body condition index on daily survival rates, with mean minimum stopover duration calculations 
of 7.4 days (95% confidence interval 4.3 to 13.6 days) across both sexes.  Our work provides 
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important baseline information on stopover site use by a common migrant shorebird in the 
Midwest and further documents the benefits of water level management to waterbirds.  
KEY WORDS: Calidris melanotos, Pectoral Sandpiper, shorebird, stopover, stopover duration 
INTRODUCTION 
Migration is a widespread life history strategy undertaken by a great diversity of 
organisms that generally functions to maximize availability of resources such as food items, 
shelter, or breeding/oviposition sites across an array of spatial and temporal scales (Dingle 1996, 
Weber et al 1998).  Shorebirds are certainly an example of the prevalence of migratory life 
history strategies, as over 60% of the 215 shorebird species globally are known to be migratory 
(Warnock et al. 2001).  Shorebirds are often renowned for bi-annual long distance migrations as 
many species move between temperate or tropical wintering sites and extreme northern latitudes 
for breeding purposes.  Some species are known for extensive stopover periods at crucial or 
historical sites that culminate in large continuous migratory bouts such as Red Knots (Piersma et 
al 2005).  Conversely, there are many shorebird species that migrate through mid-continental 
areas of North America and utilize a network of less predictable stopover sites along migratory 
routes (Skagen and Knopf 1993, Haig et al. 1998, Skagen et al. 1999, Skagen 2006).  There is 
generally less knowledge about shorebird non-breeding ecology and migratory ecology through 
the mid-continent region of North America as most previous studies have focused on coastal 
areas or coastal ecosystems (Skagen et al. 1999).  In addition to being remarkable for migratory 
feats, shorebirds are also closely tied to very specific wetland habitat types across the globe 
(Colwell 2010).  Substantial wetland losses have been documented globally.  In North America 
such losses account for  roughly 50% of historical wetlands in the coterminous United States 
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(Dahl 1990, Dahl 2000).  Because of this there is a great interest in research and management of 
this vital shorebird habitat type (Myers et al. 1987, Helmers 1992). 
Iowa’s Prairie Pothole Region (PPR) often hosts many shorebird species during 
migration; 34 species of shorebirds are regularly observed in Iowa (Kent and Dinsmore 1996).  
Shorebirds represent a diverse yet highly specialized group heavily tied to shallow aquatic and 
moist soil habitats (Helmers 1992).  Eight species of shorebirds in the Prairie Pothole Region and 
21 species nationally are listed as species of conservation concern (Brown et al. 2001, U.S. Fish 
and Wildlife Service 2008).  Many factors such as concentration of populations into limited areas 
during migration/winter, high energy requirements for migration, exact timing requirements for 
migration, and anthropogenic influence raise conservation issues for migratory shorebirds 
(Myers et al. 1987).  In light of these and other increasing threats to shorebirds and potentially 
crucial shorebird stopover habitat in the form of ongoing land use changes throughout North 
America, increased study of poorly understood or documented life-history stages becomes more 
crucial. 
Pectoral Sandpipers (Calidris melanotos) are a Palearctic-breeding sandpiper and a 
common spring and fall migrant through the PPR that exhibit the above mentioned “frequent 
stopover” migratory strategy at more dynamic sites in lieu of extended stopover periods at large 
sites (Farmer and Wiens 1999).  Previous studies on migratory ecology of Pectoral Sandpipers or 
related species have been done primarily during spring and in areas outside of the PPR such as 
the Lower Mississippi River Alluvial Valley (Lehnen and Krementz 2005) and in central Kansas 
and Missouri (Skagen and Knopf 1994).  Because of their abundance, scarcity of knowledge on 
their fall migratory ecology, and adequate body size to accommodate radiomarking, Pectoral 
Sandpipers were a good candidate for this study.  The primary objective for this study was to 
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estimate stopover length of Pectoral Sandpipers using capture-mark-recapture techniques and test 
for effects of sex, body condition, and seasonality on daily local survival. 
METHODS 
Study area 
This study was conducted at Trumbull Lake, Clay County, Iowa.  Trumbull Lake has a 
mean depth of 0.9 m (maximum depth is 1.2 m) and is predominantly ringed by trees and sparse 
emergent vegetation with extensive riprap in the southeast portion of the lake.  This 485 ha 
shallow lake underwent a temporary water drawdown in spring 2012 to encourage aquatic 
vegetation growth, but a severe drought that affected much of the Midwest greatly increased the 
planned drawdown of 56 cm (Iowa Department of Natural Resources 2012) and left extensive 
mudflats and shallow water habitat favored by foraging shorebirds (Helmers 1992). 
Capture and handling 
Beginning in late July Trumbull Lake was hosting concentrations of >1,000 shorebirds 
and we initiated trapping on 5 August 2012. Trapping continued through 5 September 2012 at 
which time shorebird numbers had declined to a level where trapping was inefficient. There were 
a total of 11 capture occasions during the course of this study with a mean interval of 2.8 days 
between capture occasions.  Surveys for radiomarked birds were conducted on the same days as 
capture occasions. Individuals were captured with 60 mm model mesh mist nests (Avinet, Inc., 
Dryden, NY) placed at the edge of standing water perpendicular to the shoreline in areas where 
Pectoral Sandpipers were observed actively feeding.  Two pairs of nets were set in conjunction 
approximately 100 m apart and constantly monitored for trapped birds.  Nets were deployed 
during daylight hours unless weather made continued trapping unsafe for either birds or 
researchers. 
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After capture birds were immediately removed from mist nets and placed into mesh 
holding bags for processing and measurement.  Morphometric data were recorded for all 
captured birds including flattened wing chord, tarsus length, and body mass.  Birds were sexed 
by wing chord length with wing lengths greater than 133 mm being the determinant for males 
and wing lengths less than 133 mm indicating a female (Pitelka 1959, Pyle 2008).  Plumage was 
used to distinguish adults and juveniles (Holmes and Pitelka 1998); we captured only two 
juveniles during this study.  In addition to determining sex, morphometric data can be utilized to 
calculate an index of body condition or energy stores as an alternative to destructive methods 
(Peig and Green 2009), which can be assumed to represent energy stores that influence stopover 
length in some migratory birds (Goymann et al. 2010). 
Birds were radiomarked using 1.1 g VHF transmitters (Sirtrack Limited2012) that were 
fixed to feather roots with cyanoacrylate glue (Loctite®) on the interscapular region with the 
transmitter antenna facing posterior in a manner similar to that described by Warnock and 
Warnock (1993).  To minimize the chance of poor adhesion a 1 cm square of feathers in the 
scapular region were trimmed to leave only feather roots exposed.  Transmitters were held in 
place until the adhesive had hardened and then examined to ensure that proper adhesion had 
occurred and that there was no outward appearance of inhibited motion of the wings or 
surrounding feathers.  Birds were then released near the shoreline where they were captured 
within 20 min.  Many were observed preening the feathers around the transmitter immediately 
after release before flying to rejoin conspecifics or resuming foraging. 
Maximum detection range of the radio transmitters was found to be approximately 1 km 
at ground level without major obstructions (pers. obs.).  Because of this, multiple points around 
the study site including nearby suitable habitat were used to check for the presence of 
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radiomarked individuals and ensure complete coverage of the study site.  We assumed that all 
radiomarked individuals still present were detected on a given day and that non-detection 
indicated a departure from the study site.  Upon detection we attempted to locate the individual 
marked bird to confirm that the radio had not detached.  The end of the survey period was 
determined by the day after the last capture occasion when no deployed radios were detected. 
Statistical analyses 
Data were analyzed using the nest survival model (Dinsmore et al. 2002) in program 
MARK (White and Burnham, 1999) to model daily local survival and estimate overall residency 
time at the study site by transforming survival estimates with the formula [residency time =  -
1/ln(survival probability)] (Kaiser 1995) .  Models were compared and selected by AICc criteria 
(Akaike 1973), with models having ΔAICc < 2 being considered as well supported or 
competitive (Burnham and Anderson 2002).  Model effects tested included an effect of sex 
(Sex), body mass (Mass), body condition index (BCI), a linear seasonal effect (T), a quadratic 
seasonal effect (TT), and no effect (.).  
For this study “daily local survival” is the probability that an individual will remain 
(“survive”) at this particular study site and not continue on its migratory journey.  Fat scores 
were not recorded but rather a scaled body condition index was calculated as body mass 
standardized using wing chord length (Peig and Green 2009) and used as a covariate when 
finding competitive models.  This method of estimating condition has been used frequently 
(Odum et al. 1964, Owen and Cook 1977, Iverson and Vohs 1982) in studies of passerine birds, 
some waterfowl, and in cranes and is shown to substantially improve estimates of condition 
compared to using only body mass to assess condition (Johnson et al. 1985). 
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RESULTS 
A total of 52 Pectoral Sandpipers (19 males and 33 females) were captured and 
radiomarked from 5 August to 5 September 2012.  Males were on average larger for all recorded 
body measurements (Table 1).  All birds were assumed to have departed the study area with their 
radio; no known mortality events were documented. 
 The model set for these analyses consisted of 10 models examining patterns of local 
survival for marked Pectoral Sandpipers, three of which were competitive (ΔAICc < 2) (Table 
2).   The most competitive model included both a negative linear day of season effect (β = -0.11, 
SE = 0.03, 95% confidence interval -0.17 to -0.06) and body condition index effect (β = -5.94, 
SE = 1.64, 95% confidence interval -9.15 to -2.73) on daily survival rate.  The estimates for the 
time effect and condition index effect are both negative and indicate that as body condition 
improves (higher condition index score) or the season progresses, local survival declines and 
individuals with a higher condition index (assumed to indicate better body condition) or 
individuals that remain at the study site later in the season are more likely to depart.  Other 
competitive models included a linear time effect and mass effect model (ΔAICc = 0.83) and a 
non-linear time effect and condition index effect (ΔAICc = 1.78).  Similar negative relationships 
between parameter estimates for mass and nonlinear time effect and daily survival were observed 
in these two models.  Models containing only sex, mass, or condition index or models with only 
a time effect were among the least competitive models considered. 
 Mean residency time was 7.4 days (95% confidence interval 4.3 to 13.6 days) but ranged 
from 24.4 days (95% confidence interval 10.6 to 57.2 days) at the beginning of the study to 1.2 
days (95% confidence interval 0.7 to 2.4 days) at the end of the study. 
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DISCUSSION 
This study provides the first estimate of residency times for a migrant shorebird in Iowa, 
and adds to a growing body of information on the stopover ecology of shorebirds in the interior 
U.S. Our estimate of the mean residency time for Pectoral Sandpipers at a fall stopover site (7.4 
days) is similar to findings from other studies that found mean stopover lengths of 8.5 days and 
6.8 days for spring migratory White-rumped Sandpipers (Skagen and Knopf 1994) and 10.0 days 
for fall migratory Pectoral Sandpipers (Lehnen and Krementz 2005).  We were not able to detect 
a difference between male and female stopover duration in an apparent contrast to findings by 
Farmer and Wiens (1999), but it is not surprising that shorebirds could utilize different migratory 
strategies for fall and spring migrations due to seasonal changes in habitat suitability or exhibit 
different strategies in fall migration when there is not pressure to arrive and establish nesting 
territories.  The most competitive model also contained a scaled body mass condition index as an 
individual covariate.  A major assumption of the condition index is that birds with lower body 
mass metrics relative to structural measurements are in poorer overall condition relative to 
individuals with higher condition indices. Higher values indicate larger nutrient and fat reserves 
that have been related to increased reproduction (Jones and Ward 1976) and survivorship (Lack 
1966, Johnson et al. 1985).  
The observed negative relationship between condition index and stopover length suggests 
that birds in worse condition are remaining at this stopover site longer and theoretically 
increasing their condition index by building nutrient stores (body mass) before reaching some 
satisfactory or required condition and departing for the next stopover site.  Similar relationships 
were found in spring migrant White-rumped Sandpipers (Skagen and Knopf 1994) and fall 
migrant Semipalmated Sandpipers (Dunn et al. 1988) while most other studies have failed to 
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elucidate any concrete relationships between lipid scores or body condition and stopover length 
(Farmer and Wiens 1999, Page and Middleton 1972, Lank 1983, Lyons and Haig 1995).  The 
negative relationship between body condition and stopover length found here is interesting but it 
is unknown whether this relationship would hold true in other stopover sites, other species, other 
seasons, or other years.  The seasonal time effect (negative relationship between season day and 
stopover length; Figure 1) was an expected result because this relationship was already 
documented in Pectoral Sandpipers (Farmer and Wiens 1999) and other Calidrine sandpipers 
(Dunn et al. 1988).  It would be of potential value in future studies to also sample invertebrate 
resources at stopover sites to investigate if resource abundance provides additional information 
for estimating stopover duration. 
Certain assumptions were made about both our models and the processes used to collect 
data during the course of the study.  We operated under the assumption that both males and 
females as well as adult and juvenile individuals were equally vulnerable to capture with the 
methods used.  While there were 74% more females than males radiomarked the sample size was 
small enough (n = 52) that this is likely a sampling effect rather than a true capture vulnerability 
difference.  We were unable to test for differences between adult and juvenile birds as only two 
juveniles were captured and radiomarked.  A potential bias in estimates of stopover duration may 
have resulted because initial capture likely did not correspond to an individual’s arrival in the 
study area.  In nest success studies it is possible to back-calculate nesting initiation via egg 
flotation and other methods.  Currently there are some modeling methodologies available to 
determine overall stopover duration by modeling an individual’s arrival at a stopover site prior to 
its capture and observation (Schaub et al. 2000); however, we assumed that capture and 
radiomarking corresponded with an individual’s arrival.  In reality this creates estimates of 
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residency time that are essentially minimum stopover durations and actual stopover durations 
could be greater than those estimated.  We also assumed that capture and tagging had no effect 
on stopover duration.  There is evidence that radiomarking can increase stopover length in some 
shorebird species (Western Sandpiper; Warnock and Bishop 1998) but given the larger body size 
of Pectoral Sandpipers compared to Western Sandpipers they are likely more stress tolerant and 
would be less affected by handling stress.  After radiomarking we assumed 100% detectability of 
marked individuals given that they were present within the study site.  There was a single 
potential alternate habitat patch that shorebirds could have utilized in the form of another drying 
lakebed approximately 1.5 km to the east of our study site location.  This site was also checked 
during every survey for radiomarked individuals and only on one occasion was an individual 
found at this site instead of the main Trumbull Lake site. Because of drought conditions, we were 
convinced there was no other suitable Pectoral Sandpiper habitat within 10 km of Trumbull Lake 
and that non-detections of radiomarked birds indicated departure from the study area. 
Management implications 
Knowledge of migration and stopover ecology is important when considering 
management plans or actions designed to benefit migratory shorebirds.  Shallow lake 
management actions (such as drawdowns) have the potential to create highly productive and 
attractive foraging sites for migratory shorebirds (Helmers 1992).  The Iowa Department of 
Natural Resources currently operates a lake restoration program (“Lake Restoration” 2012) that 
has identified 35 lakes in Iowa as a priority for restoration to improve water quality and habitat 
via drawdowns, rough fish removal, water control structures, and other management actions.  
Here, we demonstrated that shorebirds will respond favorably to a fall drawdown and that a 
common species, the Pectoral Sandpiper, was able to refuel at a single stopover site and depart 
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south. We assume Pectoral Sandpipers were able to increase their body condition because of 
abundant invertebrate resources that were concentrated in shallow water.  A drawdown can 
provide extensive shorebird habitat (Helmers 1992), in addition to increased macrophytic 
vegetation and seed production that are valuable to other waterbirds.  Drawdown actions would 
have the most benefit to shorebirds in Iowa during peak migratory periods, generally during 
April-May and July-September (Kent and Dinsmore 1996).  Ideally a drawdown would be 
gradual (Helmers 1992) and constantly expose new and productive shallow water and moist soil 
areas throughout the peak of shorebird migrations. 
There has been an increased focus on conservation of species that utilize mid-continent 
migratory routes and stopover habitat (Skagen et al. 2005, Skagen 1997, Haig et al. 1998, 
Warnock et al. 1998) to supplement already identified traditionally important stopover areas.  
Because mid-continent stopover sites are ephemeral in nature and are increasingly isolated with 
land use changes, a more complete understanding of all life stages of migratory shorebirds is 
necessary to formulate comprehensive conservation plans for these species.  Our work provides 
important baseline information on stopover site use by a common migrant shorebird in the 
Midwest and further documents the benefits of water level management to waterbirds.  
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TABLES 
 
Table 1. Mean body mass (g), wing chord length (mm), and tarsus length (mm) for Pectoral 
Sandpipers radiomarked at Trumbull Lake, Clay County, Iowa, fall 2012. 
 
 
Males (n=19) 
x ± SD 
Females (n=33) 
x ± SD 
Mass (g) 93.2 ± 20.5 79.3 ± 12.5 
Wing (mm) 137.1 ± 3.7 129.6 ± 1.8 
Tarsus (mm) 31.8 ± 1.36 30.8 ± 0.8 
Condition Index (body 
mass/wing chord) 
0.68 ± 0.13 0.61 ± 0.09 
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 Table 2.  Model selection results for daily local survival rates of radiomarked Pectoral 
Sandpipers at Trumbull Lake, Clay County, Iowa, fall 2012.  Model effects tested included an 
effect of sex (Sex), body mass (Mass), body condition index (BCI), a linear seasonal effect (T), a 
quadratic seasonal effect (TT), and no effect (.). Models are ranked by ascending AICC values 
(AICC = 139.25 for the best model) and we also report the model weights (wi), number of 
parameters (K), and model deviance.
Model ΔAICc wi K Deviance 
T+BCI 0 0.44 3 133.17 
T+Mass 0.83 0.28 3 134.00 
TT+BCI 1.78 0.18 4 132.89 
TT+Mass 2.69 0.11 4 133.79 
T 12.82 0.0007 2 148.03 
TT 14.46 0.0003 3 147.62 
BCI 19.59 0.00002 2 154.80 
Mass 20.95 0.00001 2 156.16 
No effect) 26.48 0 1 163.72 
Sex 28.46 0 2 163.67 
  
 
7
6
 
FIGURES 
 
Figure 1. Graph of daily survival rate (right axis) and the number of marked individuals (left axis) detected per capture occasion for 
Pectoral Sandpipers at Trumbull Lake, Clay County, Iowa from 5 August 2012 (day 1) to 5 September 2012 (day 31).  Individuals 
marked each capture day are indicated by gray bars, individuals marked previously and re-detected are indicated by black bars, and the 
modeled daily local survival rate is represented by the connected points. 
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CHAPTER 5. GENERAL CONCLUSIONS 
SUMMARY 
Our study provides baseline documentation on sheetwater wetland extent and dynamics related 
to local precipitation in Iowa’s Prairie Pothole Region (PPR).  We found that while these 
wetlands are widespread across Iowa’s PPR they are predominantly small or in a dry state, 
highly ephemeral, and respond to local precipitation.  In our modeling framework we 
demonstrated a positive linear effect of precipitation on wetland size.  We were not able to 
accurately estimate exact duration of wetlands in response to precipitation, but others have 
shown that duration of sheetwater ponding events is a function of subsurface drainage networks 
and the magnitude and timing of local precipitation events (Roth and Capel 2012).  Clear 
waterbird use of these sheetwater wetlands was also documented, with wetland size being the 
primary driver behind waterbird use of sheetwater.  Wetland size had a strong positive effect on 
both waterbird species richness and overall waterbird abundance and larger wetlands were much 
more likely to be utilized by migratory waterbirds.  This strengthens the observations of previous 
studies of migratory waterfowl utilizing similar sheetwater wetlands (LaGrange and Dinsmore 
1989).  We did not detect differences in wetland use related to nearby tracts of public land within 
a survey route, suggesting that waterbirds choose to utilize these wetlands based on their size and 
availability rather than the local availability of public lands. 
 At a more focused level, we studied migrant Pectoral Sandpiper found that estimates of 
stopover duration were similar to other estimates for this and similar species (Skagen and Knopf 
1994, Lehnen and Krementz 2005).  We were not able to detect a difference between male and 
female stopover duration in an apparent contrast to findings by Farmer and Wiens (1999), which 
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came from a study of spring migration stopover ecology. It is not surprising that shorebirds could 
utilize different migratory strategies for fall and spring due to seasonal changes in habitat 
suitability or exhibit different strategies in fall migration when there is not pressure to arrive and 
establish nesting territories.  Interestingly, we observed a negative effect of body condition on 
stopover duration, which has been documented in a few studies (Dunn et al. 1998, Skagen and 
Knopf 1994) but in many others a clear relationship between lipid scores or body condition and 
stopover length was not established (Farmer and Wiens 1999, Page and Middleton 1972, Lank 
1983, Lyons and Haig 1995). This part of the study provides detailed insight into the potential 
value of sheetwater wetlands to a common and widespread migratory shorebird, which has not 
been previously documented. 
 In light of the demonstrated wildlife values of sheetwater wetlands it is important to 
consider future management actions or land use changes that could impact the availability or 
value of this habitat type.  Agricultural organizations are strong advocates for the installation and 
maintenance of new subsurface drainage systems across the region to increase tillable area and 
productivity in currently undrained or poorly drained landscapes (Euliss and Mushet 1999, 
IDALS 2010).  Any management actions that do not account for the value of sheetwater as 
habitat for migratory birds have the potential to negatively impact waterbirds during migratory 
life history periods.  Conversely, actions such as water level management that are designed to 
benefit waterbirds like the Pectoral Sandpiper could provide a substantial benefit to species of 
conservation interest or concern in the Prairie Pothole Region (Brown et al. 2001). 
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